










Stirred milling—new comminution technology in the PGM industry

20-litre IsaMillTM coupled with a ‘fctr’ flotation test unit to
assess performance change with regrind stirred milling using
initially silica sand but later using ceramic grinding beads.

In parallel, a comprehensive monthly composite fractional
analysis both by assay and mineralogy was embarked on to
provide supporting ore characterization data on each concen-
trator plant. Resulting from this work programme a decision
was made in 2005 to install what would become the first
mainstream IsaMillTM installation at Mogalakwena South ‘C’
section. This mill would regrind secondary ball mill product
prior to scavenger rougher flotation and employed the newly
available zirconia toughened alumina ceramic grinding
media. The drive was increased to 3 000 kW; the media
specific gravity was 3.75 g/cm3. Commissioned in late 2006,
the mill soon demonstrated significantly improved PGM
recoveries in comparison to the other two processing modules
in the plant, sections A and B (Figure 9).

Based on economic priorities, a further two mainstream
applications were approved in 2006; four more 10 000-litre
3000 kW IsaMillTM were commissioned in late 2007—two at
Waterval UG2 and Mogalakwena sections ‘A’ and ‘B’. The
next wave of installations was approved that year and a
further 16 IsaMillTM were ordered for installation at BRPM,
Waterval, Amandelbult and the new Mogalakwena concen-
trator. 

At this point, to avoid project and operating confusion,
the nomenclature for mainstream mills, MIG, mainstream

inert grinding and concentrate regrind mills, UFG, ultra fine
grinding was adopted. This recognized the unique
mainstream application and significantly the non-steel media
grinding environment.

UFG applications number more than 12, some in PGM
concentrators, 4 at Anglo Platinum, 2 at Lonmin, 5 employed
in PGM tailings scavenging plants, 3 at Platinum Mile 12, and
2 at Impala; the rest are used in PGMs recovery from chromite
dumps/current tailings – see Table III.

In 2009 all 16 of these mills were commissioned in 9
months on the four sites; in addition, learnings and
improvements in the circuit operating set-up and equipment
and flow design were incorporated into all 22 IsaMillTM

circuits, with the 5 initial mill circuits being recommissioned
with the improvements to the circuit, over the same time
period. At Mototolo Concentrator, a 355 kW Metso SMDTM

was installed on an intermediate concentrate regrind, UFG in
3Q 2009. Thus by year end Anglo Platinum had 23 stirred
mills in operation, 18 in MIG and 5 in conventional UFG
duties at various concentrator plants treating UG2, Merensky,
mixed ore and Platreef.

Early operational results have vindicated the aggressive
roll-out decision, with improved metallurgy evident at all
sites. Importantly, learning from operational experience and
circuit optimization, operating costs for all units have been
reduced progressively since start-up. Early premature wear
component failures and high wear rates have been eliminated
entirely.
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Figure 8—Photograph illustrates the scale-up of IsaMill✴✭ technology;
M1000, M3000 and M10000 mills: M3000 initially at Mt Isa Mines (1995),
and the first M10000 at Anglo Platinum’s WLTR plant (2003)

Figure 9—Graphs showing relative performance of Mogalakwena South C section with first MIG IsaMill✴✭ compared to the other two sections at the South
concentrator

Figure 10—PGM grade-recovery pre- and post-UFG with vertical stirred
milling at tailings retreatment operation, courtesy of Platinum Mile



Development of ceramic media

A critical part of the roll-out of the stirred milling projects has
been the development of a structured ceramic media
development programme. This was a requirement of the
initial MIG project approval in 2005. 

Ball milling using steel media or tower milling using steel
media have been widely used for fine grinding—i.e. less than
75 microns P80—and for concentrate regrind for many years
in most of the metals industry. The economics of using ball
milling for finer and finer grinding have been a barrier to
achieving very fine grinds. 

Ceramic media as opposed to using steel grinding media
for fine milling, have major potential metallurgical benefits.
Using ceramic media instead of steel media will result in
minimization of the release of iron into solution and the
precipitation/adsorbtion of iron hydroxides onto valuable
mineral surfaces, thus affecting flotation recovery13–16.
Further, the intense attritioning environment in a stirred mill
with ceramic grinding media would also have positive
impacts due to surface cleaning—removing coatings and iron
hydroxides present form upstream comminution with steel
media.

Anglo Platinum has established a ceramic media testing
and QA/QC control protocol centred on the Divisional
Metallurgy Laboratory, DML, facilities at Rustenburg17. The
facilities include testing of ceramic medias on water and
slurries at 4 litre and 100 litre IsaMillTM scale and ceramic
media characterization and testing equipment. 

This involved approach, which could be termed becoming
an ‘expert user’, has allowed extensive and meaningful
engagement to be made with the worldwide supplier base.
This has led to an understanding of the ceramic media
market and a consequent and very significant drop in the
operating cost associated with ceramic media for stirred
milling operations.

Impacts on the overall processing flowsheet

The move to progressively finer grinds may have impacts on
other parts of the flowsheet of the concentrator and indeed
on the downstream processes, e.g. tailings dams and
smelting operations. 

Early assessments of the impacts of both finer
mainstream and final flotation product grinds have not led to
major operational issues to date. Existing technologies
employed in tailings18 and filtration19 operations are able to
cope with the finer products presented.

Conclusion

Stirred milling has already shown its ability to significantly
improve metallurgical performance in the flowsheets it has
been incorporated into in the PGM industry. Its potential has
more than likely not been fully seen due to the short
operating period of the majority of the installations. The
small size of PGM particles and their association with silicate
gangue has always been an obstacle to getting high
metallurgical extractions through conventional milling and
flotation circuits. Stirred milling technology has offered a
route to improved recovery by grinding finer economically,
and also brings the benefits of an ‘inert’ grinding
environment without the use of steel grinding media.  
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